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AERONAUTIC  SYMBOLS 


1.  FUNDAMENTAL  AND  DERIVED  UNITS 


Symbol 

Metric 

English 

Unit 

Abbrevia¬ 

tion 

Unit 

Abbrevia¬ 

tion 

Length _ 

'  Time . ! 

Force - 

1 

t 

F 

meter _ 

second _ 

weight  of  1  kilogram - 

m 

8 

foot  (or  mile) _ 

second  (or  hour) _ 

weight  of  1  pound _ 

ft  (or  mi) 
sec  (or  hr) 
lb 

P 

V 

horsepower  (metric) _ 

horsepower _ 

hP, 

mph 

fps 

Speed _ 

/kilometers  per  hour . 

(metera  per  second _ 

kph 

mps 

miles  per  hour _ 

feet  per  second _ 

2.  GENERAL  SYMBOLS 

Weight t  Kinematic  viscosity 
Standard  acceleration  of  gravity  ==9.80665  m/s*  p  Density  (mass  per  unit  volume) 

or  32.1740  ft/scc*  Standard  density  of  dry  air,  0.12497  kg-m“W  at  15°  C 

W  and  760  mm;  or  0.002378  Ib-ft^**  sec* 

Mas8=~  Specific  weight  of  “standard”  air,  1.2255  kg/m*  or 

Moment  of  inertia=ml:*.  (Indicate  axis  of  .  0.07651  Ib/cu  ft 
radius  of  gyration  I:  by  proper  subscript.) 

Coefficient  of  viscosity 

8.  AERODYNAMIC  SYMBOLS 


Area 

Area  of  wing 
Gap 
Span 
Chord 

f.,2 

Aspect  ratio,  ^ 

True  air  speed 
Dynamic  pressure,  ~pF* 


Lift,  absolute  coefficient 


L  * 


D 


Do 


Drag,  absolute  coefficient 
Profile  drag,  absolute  coefficient 
Induced  drag,  absolute  coefficient  Gdi—^ 

Parnsiti'  (Pnfr.  ooofficicnt 


Cross-wind  force,  absolute  coefficient  Cc= 


aS 


Angie  of  setting  of  wings  (relative  to  thrust  line) 
it  Angle  of  stabilizer  setting  (relative  to  thrust 
line) 

Q  Resultant  moment 

0  Resultant  angular  velocity 

Vf 

U  Reynolds  number,  p—  wRere  /  is  a  linear  dimen¬ 
sion  (e.g. ,  for  an  airfoil  of  1 .0  ft  chord,  100  mph, 
standard  pressure  at  15°  C,  the  corresponding 
Reynolds  number  is  935,400;  or  for  an  airfoil 
of  1.0  m  chord,  100  mps,  the  corresponding 
Reynolds  number  is  6,865,000) 
a  Angle  of  attack 

6  Angle  of  downwash 

ao  Angle  of  attack,  infinite  aspect  ratio 

at  Angle  of  attack,  induced 

oo  Angle  of  attack,  absolute  (measured  from  zero- 

lift  position) 
y  Flight-path  angle 


REPORT  No.  753 


METHODS  USED  IN  THE  NACA  TANK  FOR  THE 
INVESTIGATION  OF  THE  LONGITUDINAL- 
STABHilTY  CHARACTERISTICS  OF 
MODELS  OF  FLYING  BOATS 

By  ROLAND  E.  OLSON  and  NORMAN  S.  LAND 
Langlej  Memorial  Aeronautical  Laboratory 
Langley  Field,  Va. 


Accesion  For 


NTIS  CRA&I 
OTIC  tab 
Unannour.ced 
Justifrcation 


19 

□ 


By _ _ 

Distribution  / 


National  Advisory  Committee  for  Aeronautics 

Headquarters^  1600  Neto  Hamfshire  Avenue  NW.^  Washington  25^  Z>.  C, 

Created  by  act  of  Congress  approved  March  1915,  for  the  supervision  and  direction  of  the  scientific  study 
of  tlie  problems  of  flight  (U.  S,  Code,  title  49,  sec.  241).  Its  membership  was  increased  to  15  by  act  approved 
March  2,  1929.  The  membei-s  are  appointed  by  the  President,  and  serve  as  such  without  compensation. 


Jeromk  C.  Hunsaker,  Sc.  D.,  Camhridge,  Mass..  Chainnan 


Lyman  J.  Brioos,  Ph.  D.,  Fice  Chairman.  Director,  National 
Bureau  of  Standards, 

Charles  G,  Abbot,  Sc.  D.,  Vice  Chairman.  Executive  Co7nmittee. 
Secretary,  Smithsonian  Institution. 

Henry  H.  Arnold,  General,  United  States  Army,  Commanding 
General,  Army  Air  Forces,  War  Department. 

William  A.  M.  Burden,  Special  Assistant  to  the  Secretary  of 
Commerce. 

Vannevab  Bush,  Sc.  D.,  Director,  Office  of  Scientific  Research 
and  Development,  Washington,  D.  C. 

WnxiAM  F.  Durand,  Ph.  D.,  Stanford  University,  California. 

Oliver  P.  Echols,  Major  General,  United  States  Army,  Chief 
of  Maintenance,  MaWrlel,  and  Distribution,  Army  Air  Forces, 
War  Department. 


John  C.  McCain,  Rear  Admiral,  United  States  Navy,  Deputy 
Chief  of  Operations  (Air),  Navy  Department. 

George  J.  Mead,  Sc.  D.,  Washington,  D.  C. 

Ernest  M.  Pace,  Rear  Admiral,  United  States  Navy,  Special 
Assistant  to  Chief  of  Bureau  of  Aeronautics,  Navy  Department. 

Francis  W.  Reichelderfer,  Sc.  D.,  Chief, United  States  Weather 
Bureau. 

Edward  Warner,  Sc.  D.,  Civil  Aeronautics  Board,  Washington, 
D.  C. 

Orville  Wright,  Sc.  D.,  Dayton,  Ohio. 

Theodore  P.  Wright,  Sc.  D.,  Assistant  Chief,  Aircraft  Branch, 
War  Production  Board. 


George  W.  Lewis,  Sc.  D.,  Director  of  Aeronautical  Research 
John  F.  Victory,  LL.M.,  Secretary 

Henry  J.  B.  Reid,  Sc.  D.,  Engineer-in-Charge,  Langley  Memorial  Aeronautical  Laboratory,  Langley  Field,  Va. 

Smith  J.  DeFrance,  B.  S.,  Engineer-ln-Charge,  Ames  Aeronautical  Laboratory,  Moffett  Field,  Calif. 
Edward  R  Sharp,  LL.B.,  Manager.  Aircraft  Engine  Research  Laboratory,  Cleveland  Airport,  Cleveland,  Ohio 
Carlton  Kemper,  B.  S.,  Executive  Engineer,  Aircraft  Engine  Research  Laboratory,  Cleveland  Airport,  Cleveland,  Ohio 


TECHNICAL  COMMITTEES 


Aerodynamics  Aircraft  Structurks 

Power  H.ant.‘4  for  Aircraft  Operating  Problems 

Aircraft  M.xterials  Jet  Propulsion 

Coordination  of  Research  "Seeds  of  Military  and  Civil  Aviation 
Preparation  of  Research  Programs 
Allocation  of  Problems 
Prevention  of  Duplication 


Langley  Memorial  Aeronautical  L.aboratory  Ames  Aeronautical  Laboratory 

Liingley  Field,  Vn.  ,  •  Moffett  Field,  llallf. 

Aircraft  Engine  Research  Laboratory,  Cleveland  Airport,  Cleveland,  Ohio 
Conduct,  under  unified  eontrol.  for  all  agcnries,  of  scientifie  reseai’eh  on  the  fundainental  probUms  of  flight 


Office  of  Aeronautical  Intetxiqence,  Washington.  D.  O. 

Collection,  rlassiflcntion.  eompilation,  and  dissemination  of  scientific  and  technical  information  on  aeronautics 


REPORT  No.  753 


METHODS  USED  IN  THE  NACA  TANK  FOR  THE  INVESTIGATION  OF  THE  LONGITUDIN/ 
STABHilTY  CHARACTERISTICS  OF  MODELS  OF  FLYING  BOATS 

By  Roland  E.  Olson  and  Norman  S.  Land 


SUMMARY 

Recent  trends  in  the  design  of  flying  boats  ^  such  as  high  wing 
loadings  {high  get-away  speeds)  and  high  load  coefficients  {rela¬ 
tively  .narrow  hulls)  have  made  the  problems  associated  with 
longitudinal  stability  of  primary  importance.  The  need  for 
additional  research  on  longitudinal  stability  or  porpoising  is 
recognized  and  the  stability  characteristics  of  models  of  several 
flying 'boats  have  been  determined  in  NACA  Tank  No.  1. 
These  investigations  were  made  for  the  purpose  of  {!)  determin¬ 
ing  suitable  methods  for  evaluating  the  stability  characteristics 
of  models  of  flying  boats ^  and  {2)  determining  the  design  param¬ 
eters  which  have  an  important  effiect  on  the  porpoising.  This 
report  is  mainly  concerned  unth  the  construction  of  suitable 
xnodelSf  the  apparatus ^  and  the  methods  used  in  the  tests.  The 
effect  of  changes  in  some  design  parameters  is  discussed. 

The  models  were  dynamically  similar  to  the  full-size  airplane. 
Dynamic  similarity  required  the  use  of  a  complete  model  with 
wings f  tailf  and  hull  built  to  scale  dimensions ^  the  weight  of  the 
model  being  so  disposed  as  to  result  in  scale  weighty  balance^  and 
pitching  moment  of  inertia.  The  use  of  such  models  results  vn 
forces  and  motions  similar  to  those  of  the  full-size  Hying  boat. 
A  description  of  the  construction  of  a  typical  model  and  the 
ballasting  procedure  used  is  presented. 

For  the  purpose  of  investigating  the  stability  characteristics 
of  a  model  during  take-off ^  two  general  methods  are  usvully 
followed:  {!)  the  range  of  trims  at  which  the  model  is  stable  is 
determined  for  a  series  of  constant  speeds  covering  a  practical 
range  of  operation y  and  {2)  the  variation  in  attitude  and  be- 
havior  of  the  model  is  noted  during  accelerated  runs.  It  is 
found  thaty  in  generaly  there  are  two  primary  limits  of  stability: 
an  upper  limit  of  trim  above  which  porpoising  occurs y  and  a 
lower  limit  of  trim  below  which  porpoising  occurs.  Between 
these  limits  lies  a  range  of  stable  trims  which  is  the  operating 
fange  for  stable  take-off.  This  stable  range  of  trims  forms  the 
limitation  on  center-of -gravity  locations  and  aerodynamic 
control-surface  settings  for  stable  take-offs.  The  upper  trim 
limit  has  two  branches.  The  higher  branch  defines  the  trims  at 
v'hich  porpoifdnq  f^tarts  as^  the  trim  iff  ivcreased,  and  the  Joiner 
branch  defines  the  trims  at  trhtch  stabUity  is  ayain  reached  as 
the  trim  is  decreased. 

An  increase  in  model  gross  load  is  found  to  move  the  trim 
limits  of  stability  to  higher  trims.  An  increase  in  the  depth  of 
step  has  no  appreciable  effect  on  the  lower  trim  limit  of  stability 
but  raises  the  upper  trim  limits  to  higher  triri^s  a/id  reduces  the 
violence  of  the  porpoising. 


INTRODUCTION 

The  problem  of  the  longitudinal  stability  of  flying  b( 
while  in  motion  on  the  water  has  become  of  major  imports 
in  the  design  of  such  boats  because  of  the  present  trend 
the  construction  of  that  type  of  craft.  Flying  boats  are  b( 
designed  with  high  wing  loadings  (increased  get-aA 
speeds),  greater  load  coeflicients  (relatively  narrow  huJ 
and  high  centers  of  gravity.  These  characteristics, 
found  in  older  designs,  cause  the  flying  boats  to  opei 
under  conditions  that,  in  general,  have  not  been  previoii 
encountered.  With  these  and  other  changes,  the  fly 
boat  is  apparently  becoming  more  imstable  while  on 
water  and  at  the  same  time,  in  view  of  the  increased  ^ 
away  and  landing  speeds,  a  condition  of  stability  is  m* 
essential  now  than  previously.  The  resistance  charactei 
tics  have  become  of  secondary  importance  because  of  i 
increased  power  available  in  present  engine  designs. 

The  need  for  additional  research  on  the  problem  of  lor 
tudinal  stability,  or  porpoising,  is  recognized  and  models 
several  flying  boats  have  already  been  tested  at  the  NA( 
tank.  Many  of  the  forms  have  had  poor  characteristics 
longitudinal  stability,  and  changes  in  form  have  been  s\ 
gested  for  the  purpose  of  either  correcting  or  reducing  t 
porpoising  tendencies.  Models  of  new  designs  have  bi 
tested  to  determine  under  what  conditions  they  are  unstal 
and  changes  in  form  have  been  made  in  an  effort  to 
sure  stability  for  the  full-size  flying  boat. 

The  present  paper  is  devoted  to  the  discussion  of  cerh 
methods  of  testing  dynamic  models  that  have  been  fou 
helpful  in  the  determination  of  the  longitudinal-stabili 
characteristics  on  the  water  of  a  number  of  specific  flyi 
boats.  It  should  be  noted  that  these  methods  are  still 
the  process  of  improvement  and  no  method  as  yet  gives 
perfect  or  final  answer.  Consequently,  both  specific  a 
general  research  must  be  continued  for  the  purpose  of  i: 
proving  knowledge  of  the  problems  associated  with  t 
appearance  of  dynamic  instability. 

The  effects  of  similar  modifications  on  the  longitudiiv 
s(.al)iiiiy  cluiniclca-isiics  ol  tlu*s(‘  models  will  In*  eomfiai 
and  general  conclusions  may  be  drawn  as  to  the  importan 
of  these  modifications.  These  results  should  be  of  assistan 
in  evaluating  the  effects  of  possible  variations  in  the  plani: 
bottom  of  any  particular  model. 

Research  should  not  be  confined  to  the  investigation 
definite  forms  but  should  be  extended  to  include  ti 
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determination,  insofar  as  possible,  of  the  necessary  conditions 
that  must  exist  in  the  design  of  the  flying  boat  to  provide 
stability  on  the  water  and  the  order  of  the  importance  of 
these  conditions.  The  technique  used  in  testing  should  be 
developed,  with  emphasis  placed  on  duplicating  full-size 
maneuvers.  Additional  information  should  also  be  obtained 
concerning  the  application  of  tank  data  and  observations 
to  the  full-size  airplane. 

METHODS  USED  IN  PREDICTING  STABILITY 
CHARACTERISTICS 

Theoretical, — Mathematical  theories  for  determining  the 
condition  of  stability  of  a  flying  boat  while  on  the  water  have 
been  suggested.  Perring  and  Glauert  (reference  1)  were 
among  the  first  to  publish  an  approximate  solution  to  the 
equations  of  motion  for  a  flying  boat.  Klemin,  Pierson,  and 
Storer  (reference  2)  have  presented  a  slightly  different  treat¬ 
ment  of  the  same  general  method  given  in  the  British  paper. 

The  amount  of  work  necessary  to  determine  the  condition 
of  stability  by  use  of  the  method  of  reference  1  or  reference  2 
is  extremely  large.  Aerodynamic  and  hydrodynamic  data 
for  the  airplane  must  be  available,  and  the  actual  computa¬ 
tions  are  tedious.  Until  a  more  simple,  less  laborious,  and 
more  accurate  method  for  determining  the  condition  of 
stability  by  means  of  theoretical  computations  is  developed, 
the  need  for  tests  of  dynamic  models  in  the  towing  tank 
will  remain. 

Observations  made  during  the  usual  tank  tests. — Predict¬ 
ing  the  stability  characteristics  of  the  model  on  the  basis  of 
observation's  made  during  the  usual  tank  tests  may  lead  to 
erroneous  conclusions.  The  procedure  followed  in  this  type 
of  test  (reference  3)  requires  only  that  a  model  be  geometric¬ 
ally  similar  to  the  full-size  hull;  the  correct  gross  weight  is 
obtained  by  counterbalancing  the  weight  of  the  model  and 
the  weight  of  the  towing  gear.  The  mass  that  is  moving 
vertically  is  thus  greatly  in  excess  of  the  weight  corresponding 
to  the  gross  weight  of  the  aircraft,  ^\ith  the  present  type  of 
towing  gear,  it  would  be  impossible  to  obtain  the  correct 
mass  moving  vertically.  The  lift  of  the  wings  is  simulated 
by  a  hydrofoil  lifting  device  or  dead  weights,  and  no  effort 
is  made  to  duplicate  the  change  in  lift  with  change  in  trim, 
the  damping  effect,  or  the  control  moments  of  the  aerody¬ 
namic  surfaces.  The  models  are  generally  constructed  of 
pine  or  mahogany  and  no  attempt  is  made  to  obtain  the 
correct  moment  of  inertia. 

The  porpoising  characteristics  observed  during  this  type 
of  test  are  only  a  very  rough  approximation  of  those  for  the 
fiiU-size  flying  boat. 

Research  using  dynamically  similar  models. — References  4, 

and  6  report  research  conducted  by  the  British  in  the 
Vickers  and  K.A.E.  laiiRs  wild  (lyuaniic  iiium-is.  mudcL 
with  the  proper  geometric  form  and  also  the  correct  moment 
of  inertia  and  mass  moving  vertically.  These  reports  discuss 
the  methods  used  and  a  few  of  the  conclusions  drawn  from 
the  results  of  the  tests. 

Research  has  been  conducted  at  the  NACA  tank  to  inves¬ 
tigate  the  stability  characteristics  of  flying  boats  by  use  of 
dynamically  similar  models.  The  aerodynamic  surfaces, 
wing  and  tail  group,  are  a  part  of  the  model. 


The  remainder  of  this  report  will  be  devoted  main!} 
discussion  of  the  problems  involved  in  the  construction  < 
model,  the  apparatus  for  making  the  tests,  and  the  me 
of  testing.  In  this  discussion,  data  from  the  constn 
and  tests  of  a  model  of  a  typical  flying  boat  will  be  us« 
illustration  and  from  the  data  some  conclusions  will  be  < 
as  to  changes  in  the  form  of  the  hull  that  will  impro^ 
stability  characteristics. 

MODEL 

Selection  of  size  of  model. — In  tank  tests  the  rest 
model  tests  are  converted  to  full  size  by  applying  Frc 
law  of  comparison.  According  to  this  law,  the  h 
dynamic  forces  vary  as  the  cube  of  the  scale  at  a  given 
of  the  Froude  number  V^jhg  (where  V is  the  speed;  6,  the 
of  the  model;  and  g,  the  gravity  constant).  It  can  ai 
shown  that,  neglecting  scale  effect,  the  aerodynamic 
vary  in  the  same  way  with  scale.  Neglecting  scale  « 
the  aerodynamic  forces  are  a  function  of  (where  p 
density  of  the  air;  Z,  a  characteristic  length;  and  \ 
speed).  At  the  same  Froude  number,  varies  as  th 
power  of  the  scale  and  Z*  varies  as  the  square  of  the 
hence  the  aerodynamic  forces  vary  as  the  cube  of  the 

If  the  model  is  built  with  a  form  similar  to  the  full  siz 
the  gross  weight  is  proportional  to  the  cube  of  the 
the  hydrodynamic  and  aerodynamic  forces  on  the  mod< 
simulate  those  on  the  full  size,  if  scale  effect  is  negl< 
In  order  to  reduce  the  error  due  to  scale  effect,  the  m 
are  built  as  large  as  possible,  the  limiting  condition 
the  width  of  the  tank.  (Sec  fig.  1.) 

Particulars  of  model. — The  model  used  for  illusti 
represents  a  hypothetical  design  for  a  modem  flying  bt 
133,000  pounds  gross  weight  and  is  designated  NACA  i 
101 .  The  form  of  the  hull  was  chosen  from  a  series  of  sti 
line  hulls  originated  at  the  NACA  tank.  Part  of  the 
has  been  tested,  but  the  results  have  not  been  publishei 
later  extension  of  the  series  was  made  to  include  var 
in  the  length-beam  ratio,  and  it  was  from  this  last-ment 
family  that  the  huU  for  model  101  was  chosen. 

The  heights  of  the  bow  and  stern  were  selected  on  the 
of  the  results  obtained  during  tests  of  the  original  strea 
hulls.  The  length-beam  ratio  is  6.54.  The  lines  of  th. 
are  given  in  figure  2;  the  typical  sections,  in  figure  3 
the  offsets,  in  tables  I  and  II.  The  general  arrangem* 
the  complete  model  is  shown  in  figure  4. 

Important  dimensions  of  the  model  are  as  followsj^ 


Dimensions  of  hull:  ‘ 

Beam,  maximum -  14.  25 

Beam ,  at  step . 13.  84 

Length  of  forebody - -  56.  02 

T  -Mirrti,  nf  nUrrlvuh-  37.  15 

Length  of  tail  extension - -  -  35.  24 

Length,  over-all - -  128.  41 

Depth  of  step: 

Model  101  BA,  2.8  percent  beam. -  .40 

Model  101 BB,  4.9  percent  beam .  .  70 

Model  101 BC,  7.0  percent  beam. . . .  1.  00 

Angle  of  dead  rise  at  step: 

Excluding  chine  flare .  20 

Including  chine  flare - -  18.5 

Angle  between  keel  lines  at  step -  8.8 


W.L^3W,L2  W.L,.t  Half-breadth 

W.LT 
W.L  6- 
L  5' 


Figure  2.— Lines  of  model  lOiBA. 


One^lwelfth- 
$eze  model 
FulUohe  Square 

Dimensions  of  wing:  square  feet  inches 

Area _  700  3,  700 

Feet  Inches 

Span _  200  200 

Root  chord _  28  28 

Root  chord,  section - - NACA  23021 

Tip  chord _ _ _  9.  33  9.  33 

Tip  chord,  section - NACA  23012 

Angle  of  wing  setting,  to  base  line . .  5.5® 

Leading  edge  at  root,  aft  of  bow .  41.  03  41.  03 

Length  M.  A.  C . 20.  12  20.  12 

Leading  edge  M.  A.  C.  aft  of  bow . . .  43.  79  43.  79 

Leading  edge  M,  A.  C.  forward  of  step. .  12.  23  12.  23 

Taper  ratio _ _ - . _ . .  _  .  3:1 

A>})ecl  r:ilu) .  .  _  .  .  i  0.7 


Upper-surface  ordinates  at  35-pereent  chord  lie  on  line  per¬ 
pendicular  to  center  line  of  model.  No  twist. 


Square 

Dimensions  of  horizontal  tail  surface:  square  feet  inches 

Area _ _ _ 

Feet  Inches 

Span _ _ _ 42.0  42.0 

Chord,  total - - - ^  12.0  12.0 


Ont-iuelftl 

Dimensions  of  horizontal  tail  surface — Continued  FuU^ize  size  mode 

Chord,  elevator.  . . . . .  6.  0  6.  i 

Section . . . . .  NACA  0015 

Aspect  ratio  -  . . . .  3.6 

Loading  conditions:  /ncAw 

c.  g,  forward  of  step - - 7.  20  7.  2( 

c.  jr.  above  keel . . - . -  13.11  13.1' 

c.  g.^  percent  M.  A.  C . .  25 

Gross  loads:  Pounds  Pound 

All  models  (normal  Cao=0.72) . . .  133,  000  76. 

Also  on  model  lOlBC: 

0.62 _ _ - .  - .  107,  800  65. 

Ca^=0.82 _ _  142,  500  87.  1 

hilcliinu  jiiomeiil  oi  iiuirlia  ahoiit  c.  (j.\  .N/uz-ym  - 

All  models  (normal) - 149,000  5.97 

Also  on  model  lOlBC  (25-percent  increase) —  186,  000  7.  4< 

Mass  moving  vertically:  Pounds  Pound 

All  models  (normal) . . .  133,  000  76. 7 

87.  1 

Also  on  model  101 BC -  95. 1 

114,  7 
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Stofions  /  fo  9A 


Stations  10  tol3F 


Fioubk  3.— Typical  hull  sections. 


Figure  5  shows  model  lOlBA  assembled  and  ready  for 
» testing. 

Construction  of  model  .—In  order  that  modifications  may 
be  easily  made,  the  hull  of  this  particular  model  is  constructed 
in  three  sections.  The  bow  section  forms  the  portion  of  the 
hull  forward  of  station  10.  The  main  section  extends  from 
station  10  to  the  after  perpendicular  and  is  recessed  to  receive 
the  third,  or  afterbody,  section.  Three  afterbody  sections 
were  available  for  these  tests  giving  three  depths  of  main 
step.  The  wing  and  tail  group  are  attached  to  the  main 
section  of  the  hull. 

Figure  6  shows  the  type  of  construction  used  throughout 
the  hull.  Transverse  frames  with  lightening  holes  are  cut 
from  Krinch  and  %-mch  spruce  plywood.  A  mean-line 
stringer  of  Ke-inch  plywood  extends  on  each  side  from  bow 
to  stem.  Other  stringers  are  Yi-  by  J^-inch  balsa.  Two 
relatively  heavy  bulkheads  (K-inch  plywood  with  no  light¬ 
ening  holes)  and  a  heavy  horizontal  platform  (J^-inch 
mahogany)  are  located  at  the  position  of  attachment  of 
wing  and  towing  fitting.  The  bottom  is  planked  with 
)^inch  balsa  and  the  sides  and  deck  are  planked  with 
Ke-inch  balsa.  The  hull  is  covered  with  profilm  to  prevent 
absorption  of  water  by  the  balsa  planking.  The  bottom 
;inH  lowpr  portion  of  the  sides  have  two  eoats  of  ^ray  pijr- 
mcnted  varnish  in  addition  to  the  prolilni.  I'lie  proiilin  is 
applied  to  the  balsa  skin  in  small  sheets,  or  strips,  with 
overlapping  edges. 

The  same  type  of  construction  (fig.  7)  is  used  in  the  wing. 
Ribs  are  plywood  and  stringers  are  balsa.  A  hollowed  balsa 
leading  edge  forms  the  main  spar.  The  skin  is  ^(e-inch 


0  50” 

U.,.  -,i - 1 . . . . J 


Figure  4.— OeneraJ  arranRcment  of  NACA  model  101. 

balsa  applied  in  diagonal  strips.  Like  the  hull,  the  wii 
entirely  covered  with  profilm  and  its  undersurface  was  g 
two  coats  of  gray  pigmented  varnish.  The  wing  is  bo 
to  the  hull  at  a  fixed  location  and  with  a  fixed  angle  o 
cidence  of  5K°- 

The  tail  group  is  made  up  of  four  subassemblies :  two 
tical  surfaces,  a  stabilizer,  and  an  elevator.  Construe 
of  these  surfaces  is  similar  to  that  of  the  hull  and  the  v 
Inasmuch  as  the  lateral  stability  was  not  being  investigr 
the  two  vertical  surfaces  do  not  have  movable  rud< 
instead,  each  is  a  single  fixed  surface  of  proper  area  to  si 
late  rudder  and  vertical  stabilizer.  The  settings  of  I 
elevator  and  stabilizer  are  independently  and  remotely 
trollable  from  the  carriage  by  means  of  Bowden  type  ca! 

Two  duralumin  rails  are  mounted  in  the  forebody  of 
inod(‘l  to  carry  the  l)atlasl  weights.  I'lie  hatiast  cai 
moved  fore  and  aft  along  the  rails  and  adjusted  vertical! 
means  of  spacers.  The  center  of  gravity  is  made  to  coin 
with  the  pivot  by  adjusting  the  position  of  the  ballast. 

The  moment  of  inertia  is  determined  by  swinging 
model.  Methods  for  swinging  are  described  in  the  appen 


Figure  6.— Model  lOl,  Con.'itruction  of  hull. 
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Eelative  contribution  of  parts  of  model  to  the  total  moment 
of  inertia. — ^As  a  guide  in  the  construction  of  future  dynamic 
models,  the  main  subassemblies  of  NACA  model  101  were 
swung  individually  to  determine  the  relative  importance  of 
each  in  the  total  moment  of  inertia  of  the  whole  model.  All 
moments  of  inertia  are  in  slug-feet^.  The  data  are  assembled 
as  follows: 


^fRi  /about 

about  transfer  /  about  test  c.  p., 
n  c.  g.  inertia  to  test  c.  g.  percent  of 
test  c.  g.  total 

2.32  0.11  2.43  40.7 

.11  .12  .  23  3.8 

1.25  1.25  21.0 

■" . 43  .43  7.2 

' .  1.63  1.83  27.3 

2.43  3.64  -  5.97  100.0 


Note  that  the  of  the  tail  surfaces  was  too  small  to 
measure,  but  the  final  contribution  of  the  tail  surfaces  to 
the  required  test  moment  of  inertia  of  the  complete  model 
is  slightly  greater  than  that  of  the  ballast.  Light  construc¬ 
tion  of  the  tail  surfaces  and  the  after  portion  of  the  hull  is 
therefore  essential. 

Hepartures  from  full-size  form  that  permit  more  exact 
simulation  of  full-size  hehavior.—The  model  previously 
described  may  be  considered  a  dimensionally  and  dynami- 
cally  correct  reproduction  of  a  hypoth^icair^yiiig  boat;  ilr 
has  been  found  that  such  a  model  is  primarily  useful  for  com¬ 
paring  the  relative  stability  of  any  forms  tested.  Neverthe¬ 
less,  the  stability  of  any  form  tested  on  such  a  model  may  not 
reproduce  exactly  that  of  a  similar  full-size  flying  boat. 

In  order  that  a  more  accurate  indication  of  full-size 
behavior  may  be  obtained  from  the  behavior  of  the  model, 
certain  modifications  must  be  made  to  the  true,  scaled-down 
aerodynamic  surfaces.  These  changes  are  necessitated  by 
the  low  Reynolds  number  at  which  the  models  are  tested. 
The  low  Reynolds  number  is  due  to:  (1)  practical  limitations 
on  size  and  speed,  and  (2)  the  necessity  of  running  the  hull  at 
the  proper  Froude  number.  The  result  of  these  require¬ 
ments  is  to  reduce  the  angle  of  attack  at  which  the  surfaces 
stall  and  also  the  maximum  lift  coefiicient. 

An  additional  difficulty  arises  from  the  fact  that  the  air¬ 
speed  over  the  model  is  reduced  to  a  value  slightly  below 
the  water  speed,  because  the  air  is  dragged  along  by  the 
towing  carriage.  A  reduction  in  the  total  lift  at  any  angle 
and  speed  is  therefore  inherent. 

The  low  stalling  angle  and  low  maximum  lift  coefficient 
can  be  compensated  for  by  adding  leading-edge  slats  to  the 
wing  of  the  model.  The  data  given  in  reference  7  have  been 
used  in  designing  such  slats. 

The  low  total  lift  may  be  compensated  for  by  adding  area 


to  the  scale-size  wing,  usually  by  (‘xleiiding  ilu'  tips.  Addi¬ 
tional  area  may  also  be  necessary  on  elevators  to  obtain  the 
correct  control  moments. 

The  aerodynamic  characteristics  are  determined  by  tow¬ 
ing  the  model  just  clear  of  the  water  and  measuring  the  total 
lift  and  trimming  moment.  Adjustments  of  slats,  areas,  and 
so  forth  may  then  be  made  on  the  basis  of  these  results. 


APPARATUS 

In  order  to  reduce  the  aerodynamic  interference  betv 
the  towing  carriage  and  a  dynamic  model,  the  water  lev* 
reduced  from  that  given  in  reference  3  resulting  in  a  clearti 
between  the  model  and  the  bottom  of  the  carriage  of  appr 
mately  10  feet.  In  these  tests  the  model  was  towed  froi 
small  auxiliary  carriage  which  was  pushed  by  the  main  < 
riage.  The  relative  positions  of  the  model,  the  main 
auxiliary  carriages,  and  the  tank  are  shown  in  figun 
Figure  8  shows  the  model  being  towed  under  the  carri: 
With  the  model  supported  beneath  the  auxiliary  carriage, 
airspeed  in  the  vicinity  of  the  wing  of  the  model  is  sligl 
lower  than  the  carriage  speed.  With  the  model  suppoi 
beneath  the  main  carriage  at  this  same  low-water  level, 
airspeed  is  slightly  higher  than  the  carriage  speed, 
neither  case  is  there  any  appreciable  distortion  of  the  direct 
of  the  air  stream. 

The  auxiliary  carriage,  shown  in  figure  1,  is  of  welded-st 
tube  construction  with  four  supporting  wheels  and  two  p 
of  guide  wheels.  All  wheels  have  pneumatic  tires.  An 
verted  pyramid  made  of  steel  tubing  and  extending  be 
the  carriage  supports  a  roller  cage.  The  roller  cage  cons 
of  two  sets  of  ball-bearing  rollers,  located  about  a  foot  a] 
vertically.  Each  of  these  sets  of  roflers^is  made  up  of  ei 
rollers  located  two  on  each  side  of  a  2-  by  l-inch  rectangle 
vertical  towing  staff  of  rectangular  section,  and  of  the  ab 
dimensions,  is  guided  by  the  roller  cage.  The  model  to 
tested  is  pivoted  at  the  lower  end  of  the  towing  staff, 
pivot  being  located  at  the  center  of  gravity  of  the  ballas 
model.  The  model  is  thus  free  to  pitch  about  its  centei 
gravity,  at  the  lower  end  of  the  staff,  and  rise  vertically  with 
staff.  Restraint  in  yaw  and  roll  is  provided  by  the  roller  ci 

For  the  usual  stability  tests,  trim  is  read  from  an  indici- 
located  on  the  model. 

PROCEDURE 

For  the  purpose  of  investigating  the  stability  charactc 
tics  of  flying  boats  in  the  NACA  tank,  two  general  type^ 
test  procedure  are  usually  followed:  (1)  The  range  of  tr 
at  which  the  model  is  stable  is  determined  for  a  series  of  c 
stant  speeds  covering  a  practical  range  of  operation;  and 
the  variation  in  attitude  and  behavior  of  the  model  is  no 
during  accelerated  runs. 

Constant-speed  runs. — In  general,  there  are  two  prim 
limits  of  stability:  an  upper  limit  consisting  of  two  parts  ( 
upper  limit,  increasing  trim;  and  the  upper  limit,  decrees 
trim)  and  a  lower  limit.  Changes  in  trim  beyond  the  up 
limit,  increasing  trim,  or  the  lower  limit  result  in  porpoisi 

During  the  early  investigations,  the  tail  was  set  at  fi 
iUigios  and  the  iniii  aiui  coiiuitioii  oi  siabiiity  iiuUa 
a  series  of  tail  settings  and  constant  speeds.  The  mo 
assumed  free-to-trim  attitudes,  and  the  condition  of  stabil 
was  noted  after  a  small  initial  pitching  motion  had  b. 
applied.  If  the  model  was  violently  unstable,  the  trim  was 
termined  by  restraining  the  model  in  pitch  with  two  oppo^ 
vertical  forces  applied  to  the  tail  and  by  gradually  reduc 
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these  forces  until,  at  the  instant  of  release,  the  forces  were 
approxiniatelv  zero.  The  trim  was  read  at  the  instant  of  re¬ 
lease  before  an  appreciable  amplitude  of  porpoising  developed. 

By  the  investigation  of  the  condition  of  stability  for  a 
number  of  settings  of  the  tail,  the  trims  at  which  the  model 
will  be  stable  can  be  determined. 

The  model  is  likewise  run  at  a  series  of  constant  speeds 
with  the  position  of  the  tail  group  controlled  by  an  operator 
on  the  carriage.  At  each  speed  the  trim  of  the  hull  is  changed 
bv  adjusting  the  elevator  and  stabilizer  positions  until  the 
available  maximum  or  minimum  trims  are  obtained  or  until 
porpoising  motion  is  noted.  The  trim  at  which  porpoising 
motion  is  first  observed  is  designated  a  limit  of  stability. 
Typical  curves  are  shown  in  figure  0. 


Kioubk  9.— Model  101 BC.  Scatter  of  points  obtained  during  tests  of  model  lOl  DC. 

The  lower  limit  of  stability  is  obtained  by  decreasing  the 
trim  and  usually  appears  just  over  the  hump  speed  as  the 
afterbody  comes  clear  of  the  water.  This  limit  is  present 
over  the  remainder  of  the  take-off. 

The  upper  limit  of  stability  (increasing  trim)  generally 
appeal's  at  intermediate  planing  speeds  and  is  reached  by 
increasing  the  trim  until  porpoising  occurs.  Because  the 
trim  of  the  hull  is  high,  this  porpoising  is  often  referred  to  as 
“high-angle  porpoising.'' 

After  the  upper  limit  of  stability  (increasing  trim)  has 
been  exceeded  and  porpoising  is  started,  the  elevators  are 
moved  to  produce  a  lower  trim  and  stop  the  motion.  The 
model  does  not  become  stable  as  the  upper  limit  (increasing 
trim)  is  again  reached.  Often  the  trim  must  be  decreased 
by  several  degrees  below  this  limit,  before  stability  is  estab¬ 
lished.  When  the  model  becomes  stable,  there  is  generally 
B  si](l(l('n  (lc(‘rcnso  in  trim  indicating  that  an  excess  of  control 
moment  had  to  iie  applied  to  stop  tlie  porpoising.  I'hc 
trim  is  noted  just  before  this  sudden  decrease  and  is  desig¬ 
nated  the  upper  limit,  decreasing  trim. 

If  the  elevator  control  is  insufficient  to  reach  the  upper 
limit,  the  model  is  jumped  to  a  high  trim  by  a  sudden  change 
in  the  angle  of  attack  of  the  elevators.  This  maneuver 
sometimes  starts  porpoising  that  continues  until  the  trim  is 
decreased  to  the  upper  limit,  decreasing  trim. 


Accelerated  runs. — Accelerated  runs  are  used  for  del 
mining  the  stable  positions  of  the  center  of  gravity  and 
locating  the  best  position  of  the  sU^p.  These  tests  are  ni; 
with  the  tail  group  at  fixed  angles  of  attack.  At  proarraiiL 
speeds  (intervals  of  5  fps)  during  the  acceleration,  the  ti 
of  the  model  is  read  and  the  behavior  noted.  This  proced 
is  repeated  at  several  settings  of  the  tail  group.  The  aci 
eration  is  continued  to  get-away  speed  unless  the  porpois 
becomes  too  violent,  in  which  case  the  model  is  taken  oin 
the  water.  For  this  type  of  test  the  get-away  speed  ot 
model  should  logically  be  attained  in  a  time  equal  to  ti 
for  the  full-size  multiplied  by  the  square  root  of  the  sc; 
If  too  rapid  an  acceleration  were  used,  the  time  available 
making  readings  would  be  insufficient.  A  lower  rate 
acceleration  is  therefore  applied,  and  emphasis  is  placed 
the  reproducing  of  the  rate  of  acceleration  in  successive  rii 
Get-away  speed  generally  is  reached  in  30  or  40  secor. 
The  effect  of  changing  the  rate  of  acceleration  will  be  < 
cussed  later. 

If  a  specific  design  is  being  investigated,  the  com 
moment  produced  by  the  tail  should  correspond  to  that 
the  full  size.  This  control  moment  is  checked  by  mak 
an  aerodynamic  test  in  which  the  model  is  towed  just  cl 
of  the  water,  and  the  lift  and  the  control  moments  are  r< 
from  dynamometers  located  in  the  supporting  cables. 

A  variation  of  the  accelerated-run  method  of  testing 
used  in  investigating  take-off  and  landing  characterist; 
The  rate  of  acceleration  of  the  carriage  is  increased  and 
model  is  flown  off  and  landed  at  different  attitudes.  Mot 
pictures  permit  a  more  detailed  study  of  the  behavior. 

RESULTS  AND  DISCUSSION 

Constant-speed  tests. — Inasmuch  as  most  of  the  inve 
gations  were  made  using  model  lOlBC  (I.OO  inch,  depth 
step),  the  results  obtained  with  this  model  will  be  discus 
in  detail. 

The  data  plotted  in  figure  9,  representing  the  limits 
stability  for  model  lOlBC,  show  a  considerable  scatter 
points,  especially  between  tests  made  on  different  dat 
This  scatter  may  be  partially  explained  by  the  fact  that 
planing  bottom  near  the  step  could  not  be  maintained 
smooth  as  would  be  desirable.  Because  of  the  severe  p 
poising  to  which  the  model  had  been  subjected  during  th 
tests,  it  was  necessary  to  repair  the  covering  on  the  forebo 
bottom  near  the  main  step  on  several  occasions.  Each  ti 
the  wood  was  found  to  be  water-soaked.  For  one  test,  t 
planing  bottom  was  deliberately  roughened  by  fitting  str 
of  profilm,  which  were  attached  just  forward  of  the  m. 
step  and  loose  at  the  trailing  end.  The  scatter  of  points  v 
increased  an<l  the  lo5ver  limit  of  stability  was  substantia 
(lecreaseil.  riiese  resuils  einpimsize  ihe  ncec-.-siiy  oi  iii;. 
taining  the  same  condition  of  smoothness  throughout 
tests  if  the  results  obtained  with  different  modifications  . 
to  be  compared. 

The  porpoising  motion  that  appears  on  departures  in  ti 
below  the  low'er  limit  is  mainly  motion  in  pitch  and  genera 
damps  rapidly  as  the  trim  is  increased.  The  accuracy 
the  determination  of  this  limit  is  about  ±  for  these  tes 
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Figuhe  10.— Model  101  lie.  Trim  and  rise  records  of  iKjrpoksing  at  upper  limits,  I{>wer  limit,  lx‘tweeii  limits. 


The  porpoising  just  beyond  the  hump  speed  is  nbt  particu¬ 
larly  violent  and  the  amplitude  of  the  motion  increases  slowly. 
The  reverse  is  also  true;  the  amplitude  decreases  slowly  when 
the  trim  is  again  increased,  indicating  that  the  damping 
forces  are  small.  This  characteristic  was  particularly  evi¬ 
dent  for  all  the  modifications  of  model  101. 

Porpoising  at  the  upper  limit  is  generally  violent.  After 
a  very  slight  departure  in  trim  above  the  upper  limit,  the 
porpoising  motion  increases  rapidly  and  appears  to  be  almost 
independent  of  the  amount  of  the  departure  in  trim  above 
the  limit.  The  motion  is  mainly  in  rise,  and  the  model 
appears  to  bounce  on  the  main  step  with  relatively  little 
vertical  motion  at  the  second  step.  The  variation  of  the 
trim  and  rise  during  this  porpoising  is  shown  in  figure  10(a). 
The  large  variation  in  rise  is  evident  from  these  records. 
The  accuracy  of  determination  of  the  upper  limit  (increas¬ 
ing  trim)  is  about  ±  for  these  tests. 

If  the  elevators  are  returned  to  the  setting  at  which  the 
model  was  stable  just  before  the  porpoising  began,  the  motion 
will  not  stop.  Further  decrease  in  trim  is  necessary  to 
recover  stability.  The  trim  at  which  porpoising  ceases 
(upper  limit,  decreasing  trim)  is  determined  in  these,  tests  to 

. A'  p--  Aiy. 

the  model  did  not  start  porpoising  until  a  trim  of  9°  was 
exceeded,  but  a  recovery  from  this  instability  could  not  be 
made  until  the  trim  was  decreased  to  almost  6®.  With  a 
stable  condition  at  48  feet  per  second  there  is  a  range  of  trims 
of  about  7°  in  which  the  model  does  not  porpoise.  When 
porpoising  at  high  angles  is  started,  however,  this  range  of 
stable  trims  is  reduced  to  about  4°, 


A  record  of  the  trim  and  rise  during  a  recovery  from 
type  of  porpoising  is  shown  in  figure  10(b).  This  re( 
illustrates  the  sudden  decrease  in  trim  as  porpoising  st' 
The  presence  of  the  upper  limit,  decreasing  trim,  i 
account  for  the  violent  porpoising  that  occurs  in  mal 
stalled  landings  with  some  flying  boats  which,  at  the  s; 
time,  apparently  have  no  porpoising  tendencies  during 
take-off. 

At  high  speeds  the  lower  limit  is  veiy  definite  and 
ampiitud(‘  of  the  porpoising  rapidly  increases  with  depari 
in  trim  below  the  limit.  Most  of  the  dynamic  models  te^ 
in  the  tank  show  this  characteristic.  A  record  of  the  t 
and  rise  during  this  porpoising  is  shown  in  figure  10(c). 

At  low  speeds,  approximately  26  to  31  feet  per  secc 
another  variation  in  the  porpoising  was  observed.  If 
trim  is  very  suddenly  increased  to  a  high  value,  cither 
changing  the  elevator  angle  or  by  starting  violent  po^poi^ 
because  of  a  large  decrease  in  trim  below  the  lower  limi 
porpoising  motion  that  is  entirely  uncontrollable  may 
established.  The  amplitude  in  several  cases  was  grei. 
than  10°.  The  lower  extreme  of  the  trim  lies  below 
lower  limit.  The  upper  extreme  is  a  higher  trim  than 

h;  ;  j’-i  ii  .In  d  \\  11  h  i  In  \  .....dni  conlnil  iilullH  iil  .hiu 

lies  above  an  upper  limit.  A  recovery  by  use  of  the 
vators  was  impossible;  the  model  was  usually  removed  fr 
the  water  to  prevent  its  being  damaged.  Figure  10 
shows  the  variation  in  trim  and  rise  during  this  porpoisi 
The  condition  of  stability  obtained  with  fixed  settings 
the  tail  may  be  compared  with  the  limits  of  stability 
tained  by  changing  the  angle  of  incidence  of  the  tail  surfa 
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Figure  ll— Model  lOlBA,  Illustration  of  condition  of  stability  as  obtained  by  tests 
with  fixed  tail  settinps  and  varied  tail  settintts. 
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Figure  P _ Model  lOlBC.  Stability  characteristics  obtained  durinx  accelerated  and 

constant-speeii  runs.  Load  at  rest.  pounds;  mass  moving  vertically,  70.5  pounds. 


until  porpoising  occurs.  Such  a  comparison  is  shown  in 
figure  11.  The  results  obtained  by  either  procedure  arc 
substantially  the  same.  This  agreement  indicates  that  any 
small  moments  that  may  be  introduced  by  the  presence  of 
the  Bowden  cable  are  negligible. 

As  a  rule,  when  tests  are  made  at  constant  speeds,  the 
stability  characteristics  are  determined  for  only  one  position 
of  the  center  of  gravity.  Modifications  of  the  model  are 
then  tested  in  an  effort  to  determine  the  changes  that  will 
increase  the  range  of  stable  trims.  Available  information 
indicates  that  the  principal  effect  of  moving  the  center  of 
M  'Ill'  rl'H TvtfhiTVj-  inomoiit  tlmt  \u  n 

change  in  the  trim. 

An  increase  in  the  range  of  stable  trims  would  be  expected 
to  increase  the  range  of  stable  positions  for  the  center  of 
oravity  unless  the  modification  produces  a  comparable 
change  in  hydrodynamic  moment.  In  order  to  determine 
the  range  of  stable  positions  for  the  center  of  gravity,  tests 
are  ordinarily  made  at  accelerated  speeds. 


Accelerated  runs. — Results  obtained  by  making  test 
accelerated  speeds  are  plotted  in  figure  12.  The  liiuii 
stability  obtained  at  constant  speeds  are  also  show 
figure  12.  As  the  trim  during  the  accelerated  runs  cn 
the  limit  of  stability,  the  model  begins  to  porpoise 
continues  porpoising  until  the  trim  is  again  in  a  stal)le  rei 
Ill  this  respect  the  two  methods  give  fairly  consistent  res 

If  the  control  moment  and  lift  of  the  full-size  flying 
are  simulattal  on  the  model,  this  method  givf's  a  rapid 
cation  of  the  stability.  Only  settings  of  the  elevator 
in  actual  flight  need  to  be  investigated.  This  methoti 
been  used  to  determine  the  range  of  positions  for  the  (■< 
of  gravity  at  which  the  model  is  stable. 

If  the  acceleration  is  small,  Tlie  amplitiule  of  porpo 
may  become  largo  because  the  trim  of  the  model  is  i 
unstable  region  for  a  long  period  of  time.  With  a  i 
rapid  acceleration  the  model  passes  through  an  unsi 
region  without  developing  an  appreciable  amplitude  of 
poising.  This  effect  has  been  noted  in  tests  of  several  mo 
The  acceleration  must  therefore  be  reproduced  as  near! 
possible  for  tests  of  all  modifications  of  a  model  if  the  re 
are  to  be  comparable. 

The  results  obtained  by  either  method  of  testing 
influenced  by  waves.  With  accelerated  runs,  how< 
the  presence  of  the  waves  will  have  a  greater  effect  on 
results.  Each  reading  is  a  part  of  the  time  histoiy  ol 
variation  of  the  trim,  and  the  readings  at  any  parti( 
speed  are  uot  independent  of  previous  readmgs.  If  the 
is  suddenly  increased  as  the  model  passes  tlirough  a  v 
porpoising  may  be  started  and  the  readings  taken  imn 
ately  thereafter  are  changed  by  this  initial  porpoising, 
this  reason  all  runs  are  made  with  about  the  same 
interval  between  runs  and  about  the  same  degree  of  rougl 
of  the  water. 

In  the  case  of  tests  at  accelerated  speeds  the  coiidita 
the  waves  in  the  tank,  the  variations  in  rate  of  accelera 
and  the  general  ilifiiculty  of  reading  trim  during  propo 
cause  considerable  scatter  of  the  pohits  when  the  results 
plotted.  If  the  stability  characteristics  of  the  model 
particularly  poor,  it  is  very  difficult  to  obtain  data  sho 
a  systematic  variation  that  tests  of  other  models  (by  the  ^ 
method)  indicate  is  present. 

Effect  of  variations  in  moment  of  inertia. — The  elfei 
the  porpoising  characteristics  of  a  change  in  momei' 
inertia  is  of  interest  because  it  is  often  necessaiy  or  desii 
to  make  tests  at  other  than  the  design  values.  If  the 
struction  of  the  model  is  not  sufficiently  light,  the  mome 
inertia  of  the  unballasted  model  may  be  such  that 
impossible  to  obtain  balance  about  the  center  of  gni 
without  exceed irur  the  desiirn  value  for  the  moment  of  iiu 
When  seviu-al  loads  arc  lieiiig  iiivcsUgaicU,  u  i>  u.^ 
sufficient  and  most  convenient  to  use  one  value  of 
moment  of  inertia  for  all  the  loads. 

In  order  to  determine  the  cfToct  of  variation  in  the  nioi 
of  inertia  on  the  limits  of  stability,  model  lOlBC  was 
with  a  25-porcent  excess  moment  of  inertia,  the  gross 
and  mass  moving  vertically  being  kept  constant. 
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Figure  13.— Model  lOlBC.  Effect  of  increasing  moment  of  inertia.  Constant-speed 
runs. 


Speed  fps 

Figure  14.— Model  101 BC.  E fleet  of  increasing  mass  moving  vertically.  Constant- 
speed  runs. 

The  limits  of  stability  for  the  normal  condition  (5.97 
slug-ft  and  for  a  25-percent  excess  (7.46  slug-ft  are 
shown  in  figure  13.  The  excess  moment  of  inertia  has  little 
effect  on  the  limits  of  stability  within  the  accuracy  of  the 
tests,  the  only  measurable  difference  being  at  the  upper  limit, 
decreasing  trim.  Since  this  limit  is  determined  by  a  recovery 
from  an  existing  unstable  condition,  some  change  would  be 
expected  with  a  change  in  the  moment  of  inertia.  A  pre¬ 
cise  adjustment  of  the  moment  of  inertia  of  a  model  to  the 
design  value  is,  therefore,  not  critical  if  the  limits  of  stability 

lo  (ii-u-l'ililliru  liuiij  i  iUil.''.  li  M'Vc'l'ui 

conditions  of  loading  are  being  investigated,  an  average 
value  of  the  moment  of  inertia  may  be  used  for  all  the  loads. 

Unfortunately,  comparable  data  were  not  obtained  at 
accelerated  speeds.  Tests  of  other  models  indicate,  however, 
that  very  large  departures  from  the  design  value  of  the 
moment  of  inertia  do  influence  the  results. 


(a)  Elevator  full  down  (minimum  trim). 

(b)  Elevator  neutral  (neutral  trim) . 

Figure  15.— Model  lOlBC.  Effect  of  varying  the  maw  moving  vertically  on  the 
amplitudes  of  porpoising. 

Effect  of  variations  in  mass  moving  vertically, — The  eff 
of  varying  the  mass  moving  vertically  (model  lOlBC)  on  i 
limits  of  stability  is  shown  in  figure  14.  The  mass  movi 
vertically  was  increased  by  adding  a  weight  to  the  towi 
staff  and  an  equal  counterweight,  thus  keeping  a  consta 
load  on  the  water.  The  normal  mass  moving  vertica 
(76.5  pounds)  was  increased  by  14  percent,  25  percent,  a 
50  percent. 

The  lower  limit  and  the  upper  limit,  increasing  trim,  i 
unaffected  by  the  variations  in  mass  moving  vertical 
within  the  limits  of  accuracy  of  the  tests.  The  upper  lim 
decreasing  trim,  is  shifted  to  lower  trims  as  the  mass  movi 
vertically  is  increased.  Such  a  change  is  expected  becai- 
this  limit  represents  the  trim  of  recovery  from  an  alrea^ 
existing  porpoising  condition. 

Figure  15  shows  similar  data  obtained  by  accelerat 
runs  for  two  settings  of  the  tail  group.  In  general, 
increase  in  mass  moving  vertically  tends  to  delay  the  i 
crease  in  amplitude  of  porpoising.  With  neutral  elevate 
and  95.6  pounds  moving  vertically,  the  amplitude  appti 
ently  did  not  have  time  to  develop.  With  114.7  poun 
moving  vertically,  the  porpoising  became  unmanageable 
a  ■•'prru.  I  lii.'i  ui  im  witl'  IS  piohablv  dlii*  U)  lln*  pii 

ence  of  waves  in  the  tank.  With  the  tail  set  for  minimu 
trim,  the  increase  in  amplitude  of  porpoising  was  definite 
delayed  as  the  mass  moving  vertically  was  increased.  Wi 
this  setting  of  the  tail  and  excess  mass  moving  vertical! 
the  model  was  removed  from  the  water  soon  after  porpoisii 
began,  to  prevent  its  being  damaged. 
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Fir-URE  IG.—Model  101.  KJTcct  of  depth- of  step  on  limits  of  stability. 


Fiocre  17.— Model  lOlBC.  Effect  of  load  coefficient  on  limits  of  stability. 


Effect  of  variations  of  depth  of  step. — The  limits  of 
stability,  with  three  depths  of  step,  are  shown  in  figure  16.  ■ 
The  change  in  the  lower  limit  is  very  small  and  is  probably  , 
caused  by  changes  in  the  condition  of  the  planing  bottom  ; 
rather  than  by  the  increase  in  depth  of  step.  No  appreciable  | 
change  is  expected  because  the  model  is  planing  on  the  fore-  j 
body  alone,  and  the  only  water  striking  the  afterbody  is  the 
spray  from  under  the  forebody,  which  occurs  at  high  speeds. 

The  upper  limit  of  stability,  increasing  trim,  is  raised  as 
the  depth  of  step  increases.  This  raising  of  the  limit  may  be 
caused  by  increased  afterbody  clearance,  better  ventilation 
behind  the  step,  or  a  combination  of  the  two. 

With  the  shallow  step  (model  lOlBA)  excessive  negative 
j,i\  .^suTv'.^  at  liigli  aad 

liigh  speeds;  and  both  sides  of  tlie  afterbody  planing  surface 
behind  the  step  were  tom  out  of  the  model  during  the  tests. 
Pressure  measurements  made  on  another  model  indicate  that 
the  negative  pressures  may  become  quite  large  during  high-  | 
angle  porpoising.  In  this  last-mentioned  case  either  ventila-  | 
tion  of  the  step  by  the  installation  of  air  ducts  or  an  increase  j 
in  the  depth  of  step  improved  the  performance.  | 


The  upper  limit,  decreasing  trim,  is  also  raised  as  the  ( 
of  step  is  increased.  The  violence  of  the  motion,  as  tin* 
is  decreased  to  approach  this  limit,  is  also  reduced, 
model  is  more  controllable  and  generally  easier  to  h; 
with  a  deep  step. 

Effect  of  variations  of  gross  load  coefficient  — ' 

load  coefficient  is  defined  by 

where 

gross  load,  pounds 

w  specifi(‘  weight  of  waL(‘r,  pounds  pou*  cubic  foot. 
b  beam  of  hull,  feet 

The  effects  of  variations  in  load  coefficient  on  the  iiir 
stability  are  shown  in  figure  17.  For  these  tests  the  me 
of  inertia  and  the  mass  moving  vertically  were  kept  con;^ 
The  previous  tests  indicate  that  the  effects  of  variatic 
these  quantities  are  small  and  for  convenience  they  wei 
varied. 

Over  the  hump  and  at  intermediate  planing  speeds- 
lower  limit  of  stability  is  raised  as  the  load  coefficient 
creased.  There  is  an  increase  in  damping  at  speeds 
over  the  hump  with  the  higher  load  coefficients,  the  n 
with  the  smallest  load  coefficient  (<7a^= 0.62)  having  al 
no  damping  at  all  in  this  speed  range.  At  high  speed 
lower  limits  of  stability  with  the  three  values  of  the 
coefficient  tend  to  approach  the  same  trims. 

The  variation  in  the  upper  limit  of  stability,  incrc 
trim,  is  small  and  is  not  so  consistent  as  the  variation  i 
lower  limit.  The  limit  is  raised  as  the  load  is  increased 
with  the  same  available  tr  niming  moment,  the  limit 
appears  at  a  higher  speed. 

The  effect  on  the  lower  branch  of  the  upper  limit  is 
large.  As  the  load  coefficient  is  increased,  this  limit  is  i 
and  the  speed  at  which  it  first  appears  is  increased, 

CONCLUDING  REMARKS 

Two  methods  for  investigating  the  stability  character 
of  dynamic  models  have  been  suggested: 

(1)  Tests  at  constant  speed. — The  attitude  of  the  r 
is  varied  by  means  of  the  tail  group,  and  the  trim  at  \ 
porpoising  begins  or  stops  is  noted.  This  type  of 
defines  the  range  of  trims  at  which  the  model  is  stable. 

Although  an  accurate  simulation  of  full-size  cc 
moment  is  not  essential,  sufficient  control  should  be  j 
able  to  attain  the  limiting  trims.  A  shift  of  the  cent 
gravity  may  be  necessary  to  obtain  this  control  momei 

Small  variations  in  the  moment  of  inertia  and  ir 
mass  moving  vertically  have  a  negligible  effect  on 
'if  -Uihililv  Wlfli  -in  cvcos=:  nf  either,  "  -licht 
of  the  upper  limit,  decreasing  trim,  is  made  inward 
trims. 

The  porpoising  characteristics  are  generally  detern 
for  only  one  position  of  the  center  of  gravity  by  this  me’ 
In  order  to  determine  the  range  of  stable  positions  foi 
center  of  gravity,  the  following  method  requires  less 
and  is  consequently  preferable. 
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(2)  Tests  at  accelerated  speed, — The  trim  and  amplitude 
of  porpoising  are  noted  at  predetermined  speeds  during  an 
accelerated  run.  Data  are  taken  for  two  or  three  settings 
of  the  tail.  This  type  of  test  determines  the  amplitudes 
of  porpoising  of  the  model  over  the  range  of  available  control 
moment. 

Control  moments,  corresponding  to  the  full  size,  must  be 
simulated  if  these  results  are  to  be  used  in  predicting  full- 
size  behavior. 

Maintaining  correct  moment  of  inertia  and  mass  moving 
vertically  is  more  important  if  this  procedure  is  used  than 
if  tests  are  of  the  constant-speed  type. 

Different  amplitudes  of  porpoising  can  be  obtained  for 
the  same  model  by  varying  the  rate  of  acceleration.  With 
the  present  method  for  controlling  the  towing  carriage,  an 
accurate  reproduction  of  accelerated  runs  is  difficult. 

A  combination  of  the  two  methods  for  testing  would 
probably  give  the  most  reliable  results  with  the  least  amount 
of  testing.  The  limits  of  stability  would  be  first  determined 
by  making  constant-speed  runs.  Modifications  would  be 
made  on  the  basis  of  these  tests  and  the  merit  of  any  alter¬ 
ation  in  form  would,  in  general,  be  measured  in  terms  of 
changes  of  the  stability  limits.  The  modification  showing 


the  most  desirable  stability  characteristics  would  then 
tested  by  accelerated  runs,  and  the  range  of  stable  positi 
for  the  center  of  gravity  would  be  determined.  These  1; 
mentioned  tests  would  indicate  any  further  changes  rieces? 
to  make  this  range  of  positions  correspond  to  those  necess 
for  aerodynamic  stability. 

Increasing  the  depth  of  step  has  no.  appreciable  efl 
on  the  lower  limit  of  stability.  The  upper  limits  are  rai 
with  an  increase  in  depth  of  step,  and  the  violertce  of  lii 
angle  porpoising  is  greatly  reduced. 

Increasing  the  load  coefficient  raises  the  lower  limit 
stability.  The  effect  is  greatest  at  intermediate  plan 
speeds.  The  upper  limit,  increasing  trim,  is  raised  as 
load  is  increased  and  the  speed  at  which  this  limit  is  f 
determined  is  also  increased.  The  upper  limit,  decreas 
trim,  is  moved  to  higher  trims  and  speeds  with  an  incrc 
in  load  coefficient. 


Langley  Memorial  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  September  194^, 


APPENDIX 


DETERMINATION  OF  THE  PITCHING  MOMENT  OF  INERTIA  OF  A  DYNAMIC  MODEL 


In  an  experimental  study  of  the  longitudinal  stability  of  a 
flying  boat. by  the  use  of  a  model,  it  is  desirable  that  the  mo¬ 
tions  of  the  model  correctly  reproduce  those  of  the  full-size 
craft.  It  is  therefore  necessary  to  measure  the  pitching 
moment  of  inertia  of  the  model.  This  measurement  may 
be  accomplished  by  swinging  the  model  as  a  compound 
pendulum. 


Fiotjbb  18.— Knife-edge  pendulum  for  determination  of  moment  of  Inertia. 


Knife-edge  pendulum. — An  elementary  form  of  the 
pendulum  is  that  shown  in  figure  18.  The  model  is  suspended 
by  means  of  rigid  links  from  a  pair  of  knife  edges.  A  de¬ 
tailed  discussion  of  the  method  is  given  in  reference  8.  The 
virtual  moment  of  inertia  of  the  model  about  a  lateral  axis 
through  its  center  of  gravity  may  be  expressed  as  follows: 


~  4ir 


47r* 


u 


where 

I  true  moment  of  inertia  of  structure  of  model  about  a 
lateral  axis  through  its  center  of  gravity,  slug-ft  ^ 

Ti  period  of  oscillation  of  complete  pendulum,  sec 
W\  weight  of  complete  pendulum,  lb 

Lx  distance  from  axis  of  rotation  (knife  edges)  to  center  of 
gravity  of  complete  pendulum,  ft 
T2  period  of  swinging  gear  alone,  sec 
W2  w^eight  of  swinging  gear  alone,  lb 

L2  ^  distance  from  knife  edges  to  center  of  gravity  of  swinging 
gear,  ft 

W  weight  of  model,  lb 
g  acceleration  due  to  gravity,  ft.^ser  ■ 

V  volume  of  model,  cu  ft 
p  mass  density  of  air,  slugs/cu  ft 

Ma  additional  mass  effect  due  to  momentum  imparted  to 
surrounding  air,  slugs 
14 


L  distance  from  knife  edges  to  center  of  gravity  of  moi 
ft 

I  A  additional  moment  of  inertia  of  air  disturbed  by  mo 
about  knife  edges,  slug-ft  ^ 


The  first  tw^o  terms  of  the  equation  represent,  respective 
the  moments  of  inertia  about  the  knife-edge  axis  of  the  co 
plete  pendulum  and  of  the  swinging  gear  alone.  The  I 
term  transfers  the  remaining  moment  of  inertia  (that  of  ’ 
model  itself)  to  a  parallel  axis  through  the  center  of  grav 

of  the  model.  The  factor  is  the  true  m 


of  the  model  as  swung.  This  factor  is  the  sum  of  the  m 

.  ,  W 

determined  from  the  weight  of  the  model  in  air  the  mas:^ 


air  entrapped  in  the  model  Vp;  and  the  additional  m; 
effect  due  to  the  motion  imparted  to  the  surrounding  air  il 
Under  ordinary  conditions,  the  last  two  effects  may 
safely  neglected.  The  third  term  of  the  equation  I  a  is  1 
moment  of  inertia  (about  the  axis  of  oscillation)  of  the 
set  in  motion  by  the  model. 

In  the  design  of  a  full-scale  flying  boat,  the  moment 
inertia  is  usually  computed  for  the  structure  alone.  T 
value,  when  reduced  in  proportion  to  the  fifth  power  of  t 
scale  of  the  model,  is  that  to  which  the  moment  of  inertia 
the  structure  of  the  model  should  correspond.  The  negl< 
of  the  I  A  terra  in  swinging  the  model  causes  an  apprecia: 
error.  For  example  (if  the  results  obtained  with  NA( 
model  101  are  used),  the  value  of  1a  computed  by  the  meth 
of  reference  8  is  0.32  slug-feet^  or  5.4  percent  of  the  ti 
moment  of  inertia  desired  for  the  structure  alone,  5. 
slug-feet  ^ 

The  pendulum  should  be  kept  short  in  order  that  1 
moment  of  inertia  of  the  model  about  its  own  center 
gravity  be  a  large  part  of  the  moment  of  inertia  of  t 
total  pendulum  about  the  axis  of  oscillation. 

The  error  in  measuring  a  moment  of  inertia  that  may 
expected  in  any  given  case  may  be  easily  determined  fn 
the  fundamental  formula  and  the  probable  errors  in  measi 
ing  time,  length,  and  w’eight.  In  the  case  of  the  subji 
model,  this  error  amounts  to  approximately  1  percent. 

Care  must  also  be  taken  that  the  model  is  swinging  in 
arc  about  the  knife-edge  axis  and  that  no  other  freedom 
possible. 

Added-weight  method  of  swinging. — A  somow^hat  nn 
convenient  adaptation  of  the  compound  pendulum  is 
present  used  at  the  NACA  tank.  Figure  19  shows  t 
arrangement.  In  this  method  the  model  is  suspended  fn 
the  towing  staff  actually  used  in  testing.  The  ball-beari 
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pivot  is  located  at  the  desired  center  of  gravity  to  be  tested 
and  an  additional  weight  is  suspended  rigidly  below  the 
model  to  give  the  pendulum  stability.  A  compound  pen¬ 
dulum  is  thus  formed  with  its  center  of  gravity  somewhat 
below  the  pivot.  The  following  equation  may  be  derived: 

where 

I  moment  of  inertia  of  model  about  a  lateral  axis  through 
its  center  of  gravity,  slug-ft  ^ 
w  added  weight,  lb 

I  distance  from  pivot  to  center  of  gravity  of  added  weight, 
ft 

T  period  of  oscillation,  sec 

moment  of  inertia  of  added  weight  about  its  own  center 
of  gravity,  slug-ft  ^  - 

The  moment  of  inertia  of  the  added  \veight  about  its  own 
center  of  gravity  may  in  most  cases  be  neglected.  Ambient- 
air  effects  have  not  been  considered  in  the  above  equation, 
and  their  omission  results  in  an  error  exactly  the  same  as 
that  due  to  their  omission  from  the  formula  for  the  knife- 
edge  system.  The  possible  error  due  to  errors  in  measure¬ 
ment  is,  of  course,  the  same  as  that  in  a  knife-edge  pendulum. 

The  chief  advantages  in  the  use  of  an  added-weight 
pendulum  lie  in  the  ease  of  setting  up  and  balancing  the 
model.  One  disadvantage  is  that  the  friction  of  the  ball¬ 
bearing  pivot  is  higher  than  that  of  a  set  of  knife  edges,  making 
it  more  difficult  to  get  a  sufficient  number  of  oscillations. 

Ballasting  procedure. — The  usual  procedure  followed  at 
the  NACA  tank  is  to  suspend  the  model  at  the  desired 
location  of  the  center  of  gravity  and  to  balance  the  model 
about  the  pivot  by  trial  location  of  ballast.  The  added 
weight  is  then  attached  to  the  model  and  a  trial  moment  of 
inertia  obtained.  Computations  then  indicate  the  proper 
location  and  amount  of  ballast  to  give  the  correct  location 
of  the  center  of  gravity  and  the  correct  moment  of  inertia. 
From  the  trial  ballast  and  its  location,  the  center  of  gravity 
of  the  unballasted  model  and  its  moment  of  inertia  may  be 
determined.  The  following  relations  may  then  be  worked 
out  (see  fig.  18). 

^Ir  —  Io  —  WoTo^—h 
WoTo 

and 


where 

Tft  moment  arm  of  ballast  required,  ft 
Ir  required  moment  of  inertia  about  pivot,  slug-ft^ 


Figure  l9.--Added-woight  method  of  swinging  model  to  determine  moment  of  inert 

lo  moment  of  inertia  of  unballasted  model  about  its  o 
center  of  gravity,  slug-ft^ 

Wo  weight  of  unballasted  model,  lb 
To  moment  arm  of  unballasted  model,  ft. 

4  moment  of  inertia  of  ballast  weight  about  its  own  cen 
of  gravity,  slug-ft^.  Neglect,  at  least,  for  fi 
approximation  of  r^,. 

Wft  required  ballast  weight,  lb 
A  check  determination  of  the  moment  of  inertia  is  usua 
made  after  setting  the  proper  ballast  at  the  comput 
location. 
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TABLE  I.— OFFSETS  OF  MODEL  lOlBA 

(Dimensions  in  inches] 


Dis- 

Distance  below  base  lino 

Half-breadth 

Station 

tance 

from 

k 

r 

m 

D2 

B\ 

B2 

B3 

BA 

R 

f. 

} 

WLl 

WL2 

WL3 

WL4 

WL5 

WL6 

\VL 

F.  P. 

h 

c 

d 

«  1.40 

2.80 

4.20 

5.60 

b7.00 

5.60 

4.20 

2..80 

1.40 

0 

-1.4 

F  P 

0 

3.26 

4.  42 

-3.26 

-3.26 

0 

1.11 

2.  72 
3.72 

— 

6.' 34 

1.‘. . 

2 . 

.67 
3. 19 
5.70 

3.08 

2.44 

1.93 

4.28 

3.84 

3.45 

-.68 
2. 54 

4.  12 

-2. 36 
-.64 
.61 
2.36 

6.'36 

2.27 

4.42 

i.’os 

.... 

6.'m 

i.'65 

6.' 95 
3.80 

0. 62 
2.35 

1.75 

1.  23 

2. 85 

,5.83 

5.  93 

15.77 

20.80 

25.83 

30.86 

78 

2,  45 

6.61 

3.  48 

.5.  .53 

4.64 

3.  96 

3.  53 

1.29 

3. 65 

5 . 

■ 

.  49 

2.20 

6.98 

4.20 

6,17 

5.42 

4.77 

4.34 

6.50 

b.50 

2.44 

29 

1.98 

7.  24 

4. 69 

6.59 

5.  94 

5. 31 

4.86 

6.81 

3.53 

— 

7 . 

R 

.18 

1.87 

7, 38 

4. 97 

.... 

6.81 

6,  97 

6.24 

6.45 

5.66 

5. 21 
,5. 44 

6.99 

.... 

.... 

.92 

4.36 

.... 

35.89 

.36.60 

.  10 

1.82 

7.49 

5. 15 

1.40 

5. 11 

9.A. . 

10 . 

11 

.09 

1.80 

7.52 

5.17 

0.99 

0.  48 

5.  97 

5. 47 

7.10 

5' 70 

.... 

.... 

40.92 

4. 

17 

.07 

1.78 

7.60 

5.  52 

5.27 

4.99 

— 

.... 

7.  12 

.... 

.... 

45.95 

.06 

1.80 

7. 72 

5.63 

5. 38 

5. 11 
6.24 

7.10 

5.  70 

— 

.... 

.... 

— 

12 . - . 

13F . 

ISA  . 

.50.99 

.11 

1.86 

7.83 

5.  74 

5. 49 

5.70 

56.02 

.22 

1.97 

7. 94 

5.86 

5. 61 

,5.40 

— 

6.  93 

.... 

6  '  ! 

.. 

7.54 

5.  46 

5,21 

5.00 
4.  59 

.... 

.... 

---• 

5.  70 

6  "3 

.... 

.... 

H . 

15 . 

]Q  . . 

61.05 

.13  j 

.44 

2.12 

7.06 

5.05 

4.80 

6.  78 
6.-59 
6.  .36 

6. 15 
4.61 

6.39 
5. 84 

“  “  “ 

66.08 

71.11 

.22  ! 

.34  ! 

.72 

1.05 

2. 31 

2.  54 

6.58 
6. 09 

4.  69 
4.41 

4.  44 
4.15 
3.97 
•  3.87 
3.88 

4.  24 
3.95 
3.76 
3.66 
3.  67 

.... 

i?  . 

76.14 

.48  ' 

1.  42 

2. 82 

5.61 

4.22 

---- 

r"  77 

•> 

i  09 

is  . 

81.17 

.63 

1.83 

3. 13 

5. 13 

4.  12 

2  65 

19  . 

20  . - . . 

86.21 

.76 

229 

3.  49 

4.64 

4. 13 

5  41 
A02 

1  42 

0’ 

!91 

♦  -  -  - 

91.24 

1.23 

4. 

17 

2.78 

3.88 

4,15 

4.  15 

3.90  ' 

3. 82 

.... 

21  . 

93.17 

1.64 

2.98 

4.04 

3.97 

3. 97 

3.97 

4.86 

....  1 

{rad} 

22  . 

96.27  1 

3.32 

4. 32 

_ 

_ 

.... 

: 

4.^18 

....  ! 

--- 

.... 

.... 

.... 

23 . . 

101.30  ^ 

.... 

3.89 

4.79 

.... 

.... 

---- 

— 

— 

— 

24  . 

25  . 

_ 

106.33 

4.50 

5.31 

.... 

3  59 
3!  03 

---- 

---- 

.... 

111.36 

5.16 

5.87 

_ 

.... 

.... 

;  ---- 

— 

— 

.... 

11&39 

.... 

5.84 

6.  46 

.... 

.... 

2.44 

.... 

27  . . 

121.43 

6.58 

7.08 

.... 

.... 

— 

---- 

.... 

— 

— 

27A.... 
28 . 

122.16 

I2ai2 

.... 

6. 69 
7. 39 

!  7.18 
’  7.71 

:::: 

.... 

:::: 

1  72 
1.  10 

"i: 

29 . 

127. 46 

_ 

7,69 

7.92 

.... 

.46 

0 

....  1 

""" 

---- 

.... 

128.13 

7.88 

8.02 

.... 

A,  P— 

128.41 

7.98 

7. 98 

.... 

•  Distance  from  center  line  to  buttock, 
b  Distance  from  base  line  to  water  line. 


TABLE  II.— AFTERBODY  OFFSETS  FOR  MODELS  lOlBB 
AND  lOlBC 


I 

I 

*  No  radius;  draw  to  chine. 

i 

1 


(Dimensions  in  Inches.  Offsets  not  given  are  same  as  lOlBA] 


Sta¬ 

tion 

Dis¬ 
tance 
from 
F.  P. 

Both  models 

Model  101BB»0.70  step 
depth 

Model  101 BC.  l.O  step 
depth 

Half- 

breadth 

r 

Distance  below 
base  line 

k 

Distance  below 
base  line 

k 

e 

; 

a 

b 

c 

a 

b 

C 

13A  . 

14.. . 

15. . .1 

16.. . 

17.. . 

18.. . 

19.. . 

20.. . 

21... 

56.02 
61.05 
66,08 
71.11  1 
76. 14  i 

81. 17 
86.21 
91.24 

93.17 

5.  70 
5. 49 
5. 15 
4.  61 
3. 82 
2.78 
1.42 

0 

6.93 

6.73 

6.39 

5.84 
5.05 
4.02 
2,66 
.91 
/  .18 
\  rad 

4,  17 
4.  17 
4.  17 
4.  17 
4.17 
4.17 

4.  17 
4.17 

}4. 17 

7.24 

6.  76 
6.28 
5.79 
5.31 
4.83 
4.34 
3.85 

3,67 

5. 16 
5. 75 
4.39 
4. 11 

3. 92 

3. 82 

3.83 
3. 85 

4.91 
4.50 
4.  14 

3.  85 

3.67 

3.57 

3.58 
3.60 

3.67 

(*) 
0.04 
.  12 
.24 
.39 
.  M 
.67 
l.Ol 

1.34 

6.94 

6.46 

5,98 

5.49 

5.01 

4.53 

4.04 

3.55 

3.37 

4.86 
5,45 
4.09 
3.81 
3.62 
3.  52 
3.53 

3.86 

4.61 
4.20 
3.84 
3.  55 
3. 37 

3.27 

3.28 
3. 30 

3.37 

(•) 

(•) 

{‘) 

(») 

0.09 
.24 
.37 
,  71 

1.01 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  b}'  arrows 


Axis 

Moment  about  axis 

Angle 

Velocities 

Designation 

Sym¬ 

bol 

Force 
(parallel 
to  axis) 
symbol 

Designation 

Positive 

direction 

Designa-  Sym- 
tion  boi 

Linear 
(compo¬ 
nent  along 
axis) 

Angular 

Longitudinal _ 

X 

X 

Rolling _  L 

Y - >Z 

Roll _  tp 

u 

P 

Lateral _ 

Y 

Y 

!  Pitching _  M 

Z - 

Pitch _  d 

V 

q 

Normal- . . . 

Z 

Z 

Y'awing _  N 

X — 

Y'aw' _  \p 

to 

T 

Absolute  coefficients  of  moment 
(rolling)  (pitching) 


D  Diameter 

p  Geometric  pitch 

pID  Pitch  ratio 

F'  Inflow  velocity 

Vs  Shpstream  velocity 


qbS 

(yawing) 


Angle  of  sot  of  control  surface  (relative  to  neutral 
position),  5.  (Indicate  surface  by  proper  subscript.) 


4.  PROPELLER  SYMBOLS 
P  Pow 


Power,  absolute  coefficient  Cp= 
Speed-power  coefficient”-^/ 


Thrust,  absolute  coefficient 
Torque,  absolute  coefficient  Cq—  '~^jy, 


Efficiency 

Revolutions  per  second,  rps 


Effective  hehx  angle  — tau“l 


\2jrmJ 


NUMERICAL  RELATIONS 


1  lip  — 7r>.04  kfr-m/s=:r)50  ft-lh/sec 
1  meinc  iiorsepow or =0.9863  bp 
1  mph= 0.4470  mps 
1  mps =2. 2 3 69  mph 


1  lb-0.4336  kg 
1  kg=2.2046  ib 
1  mi=l, 609.35  m=5,2S0  ft 
1  m=3.2S0S  ft 


